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LOAD BALANCING IN FEMTOCELLS

CROSS REFERENCE TO PRIOR
APPLICATIONS

The present application claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2011-0038037
(filed on Apr. 22, 2011), which 1s hereby incorporated by

reference in 1ts entirety.

FIELD OF THE INVENTION

The present invention relates to communications and, in
particular, to base station load balancing 1n femtocells.

BACKGROUND OF THE INVENTION

A femtocell base station 1s designed to connect user
equipment located 1 a femtocell to a service provider’s
network. A femtocell may denote a small service area
covered by a femtocell base station. For example, the
femtocell may be a home or a small business oflice in a
cellular system. The range of a femtocell base station may be
about 10 meters. The femtocell base station has been applied
to a Long Term Evolution (LTE) communication network.
The 3" Generation Partnership Project (3GPP) has intro-
duced standard-specifications for LTE technology. In 3GPP
LTE standard specifications, the femtocell base station has
been defined as well as a macrocell base station. The
temtocell base station may be referred to as a Home NodeB
(HNB) for a 3G femtocell or as a Home Evolved Node Base
station (HeNB) for an LTE femtocell. The macrocell base
station may be referred to as an evolved NodeB (eNB).

3GPP LTE standard specifications also define an X2
interface. The X2 interface may be a logical interface
between two macrocell base stations, such as eNBs. For
example, the X2 interface may be a point to point link
between eNBs, but a physical relation thereof need not be a
point to point link. The X2 interface may allow eNBs to be
interconnected with each other. The macrocell base stations
may exchange signaling information including control data
through the X2 interface. That 1s, the macrocell base stations
may perform handover and load balancing by exchanging
information through the X2 interface. Particularly, the X2
interface may enable functions of mobility management,
load management, 1nter-cell interference coordination, gen-
ceral X2 management and error handling, application level
data exchange between eNBs, and Trace function.

As described above, the X2 interface may provide various
functions and macrocell base stations may be efliciently
managed through many management tasks of the X2 inter-
face. Femtocell base stations may perform various tasks
similar to those of macrocell base stations. Femtocell base
stations may need the functions of the X2 iterface in order
to exchange signal information, for handover, and/or for
load balancing. However, the 3GPP LTE standard specifi-
cation does not define an X2 interface for femtocell base
stations such as, for example, HeNBs or HNBs

Particularly, for load balancing, a typical femtocell base
station simply denies access of user equipment when the
typical femtocell base station has a load exceeding a certain
threshold. Such a load balancing policy for the typical
femtocell base station 1s not necessarily eflicient because
neighbor femtocell base stations may have available

resources to accept additional user equipment.

SUMMARY OF THE INVENTION

Embodiments of the present invention overcome the
above disadvantages and other disadvantages not described
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2

above. Also, the present invention 1s not required to over-
come the disadvantages described above, and an embodi-
ment of the present invention may not overcome any of the
problems described above.

In accordance with an aspect of the present invention, an
X2 interface may be established between femtocell base
stations and loads in femtocells may be balanced through the
X2 1interface.

In accordance with another aspect of the present mnven-
tion, user equipments may be handed over from a femtocell
base station to another through an X2 iterface stabled
between the femtocell base stations.

In accordance with another aspect of the present imven-
tion, 1interference between femtocells may be controlled by
controlling cell coverage of femtocells.

In accordance with another aspect of the present imnven-
tion, handing over user equipments may be differently
controlled according to subscriber information of user
equipments.

In accordance with an embodiment of the present mnven-
tion, a method may be provided for load balancing in
femtocells at a femtocell base station. The method may
include determining whether a cell load status of the fem-
tocell base station exceeds a certain load level, and initiating,
handover of at least one user equipment coupled to the
temtocell base station to a target base station by shrinking
cell coverage of the femtocell base station when the cell load
status of the femtocell base station exceeds the certain load
level.

The determining may include monitoring the at least one
load status item of the femtocell base station, comparing the
monitored at least one load status item with a related
threshold, and determining whether the cell load status of the
temtocell base station reaches a certain load level based on
the comparison result.

The method may include indicating, with the at least one
load status item, the cell load status of the femtocell base
station and setting the related threshold corresponding the at
least one load status item. The at least one load status 1tem
may includes a central processing unit (CPU) load rate, a
number of resource blocks, a tratlic amount, and a number
of user equipments coupled to the femtocell base station.

Prior to the imitiating handover, the method may include
determining the target femtocell base station from neighbor
temtocell base stations based on cell load statuses of the
neighbor femtocell base stations, and establishing an X2
interface to the target femtocell base station.

For the determining the target femtocell base station, the
target femtocell base station may be selected by a femtocell
base station management system. The femtocell base station
management system may receive cell load statuses from the
neighbor base stations, select one having a lowest cell load
status as the target femtocell base station among the neigh-
bor base stations, and inform the femtocell base station of
the selected target femtocell base station.

The establishing an X2 interface may include requesting,
cell information of the target femtocell base station to the
temtocell base station management system and receiving the
requested cell information from the femtocell base station
management system, transmitting an X2 interface setup
request message to the target femtocell base station based on
the received cell information of the target femtocell base
station, and recerving an X2 interface setup response mes-
sage Trom the target femtocell base station in response to the
X2 1nterface setup request message.

Handover of the at least one user equipment coupled to
the first femtocell base station to the target femtocell base
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station may be through establishing the X2 interface
between the femtocell base station and the target femtocell
base station.

In the shrinking cell coverage of the femtocell base
station, transmission power of the first femtocell base station
may be reduced by a unit power level.

The method may include reporting the cell load status of
the femtocell base station to a femtocell base station man-
agement system when the cell load status of the femtocell
base station based on the certain load level.

In accordance with another embodiment of the present
invention, a method may be provided for load balancing 1n
temtocells at a first femtocell base station. The method may
include expanding cell coverage of the first femtocell base
station 1n response to a request from at least one of a second
temtocell base station and a femtocell base station manage-
ment system, and controlling access of at least one user
equipment for handover from the second femtocell base
station based on subscriber information of each user equip-
ment.

The expanding cell coverage may include increasing
transmission power ol the first femtocell base station by a
unit power level. The expanded cell coverage of the first
temtocell base station may 1nitiate handover of one or more
of the user equipment coupled to the second femtocell base
station to the first femtocell base station.

Prior to the controlling, the method may include estab-
lishing an X2 interface to the second femtocell base station
by receiving an X2 setup request message from the second
femtocell base station and transmitting an X2 setup response
message to the second femtocell base station 1n response to
the X2 setup request message.

Handover of each user equipment may be through the X2
interface established between the first femtocell base station
and the second femtocell base station.

The controlling may include allowing access for handover
to the user equipment having a closed subscriber group
(CSG) 1dentity 1dentical to that of the first femtocell base
station {irst among the one or more user equipment from the
second femtocell base station, and denying access for han-
dover to the user equipments not having the CSG identity
when a number of user equipment currently coupled to the
first femtocell base station exceeds a total allowable number.
The CSG 1dentity may be included 1n a CSG list stored 1n
cach user equipment and the subscriber information of the
user equipments may include information on the CSG
identity and the CSG list.

The method may further include measuring an interfer-
ence amount of neighbor cells of the first femtocell base
station after expanding the cell coverage of the first femto-
cell base station, and reducing transmission power of the
first femtocell base station by a unit power level when the
measured interference amount exceeds a related threshold.

After the controlling, the method may include shrinking
the expanded cell coverage of the first femtocell base station
to 1mtial cell coverage by reducing the transmission power
of the first femtocell base station when a femtocell base
station management system informs the first femtocell base
station that a cell load status of the serving femtocell base
station 1s lower than a related threshold.

In accordance with another embodiment of the present
invention, a femtocell base station may include a monitor
unit, a cell coverage control unit, an access control unit. The
monitor umt may be configured to determine whether a cell
load status of the femtocell base station reaches a certain
load level. The cell coverage control unit may be configured
to shrink cell coverage of the femtocell base station when the
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4

cell load status reaches the certain load level by reducing
transmission power of the femtocell base station. The access
control umit may be configured to provide handover to at
least one user equipment coupled to the femtocell base
station to a target base station through an X2 terface when
the cell coverage 1s shrunk by the cell coverage control unat.

The femtocell base station may further include an X2
interface umt. The X2 interface unit may be configured to
establish the X2 interface to the target femtocell base station
by requesting cell information of the target femtocell base
station to a femtocell base station management system,
receiving the requested cell information from the femtocell
base station management system, transmitting an X2 inter-
face setup request message to the target femtocell base
station based on the received cell mnformation of the target
temtocell base station, and receiving an X2 interface setup
response message from

The cell coverage control unit may be configured to
expand cell coverage of the femtocell base station by
increasing transmission power of the femtocell base station
by a unit power level 1 response to a request from at least
one of a serving femtocell base station and a femtocell base
station management system; and

The access control unit may be configured to allow
handover access of user equipment having a closed sub-
scriber group (CSG) 1dentity 1dentical to that of the femto-
cell base station first among the user equipments handed
over from the serving femtocell base station, and to deny
handover access of user equipment not having the CSG
identity when a number of user equipment currently coupled
to the femtocell base station exceeds a total allowable
number. The CSG i1dentity may be included in a CSG list
stored 1n each user equipment and the subscriber informa-
tion of the user equipments may include information on the
CSG 1dentity and the CSG list.

The femtocell base station may further include a cell
interference control unit. The interference control unit may
be configured to measure an interference amount of neigh-
bor cells of the femtocell base station after expanding the
cell coverage of the femtocell base station and to reduce
transmission power of the femtocell base station by a umit

power level when the measured mterference amount exceeds
a related threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects of the present invention
will become apparent and more readily appreciated from the
following description of embodiments, taken 1n conjunction
with the accompanying drawings, of which:

FIG. 1 shows a long term evolution (LTE) network
employing embodiments of the present invention;

FIG. 2 shows a femtocell base station 1n accordance with
an embodiment of the present invention;

FIG. 3 shows an operation of a serving femtocell base
station 1n accordance with an embodiment of the present
invention;

FIG. 4 shows an operation of a target femtocell base
station 1n accordance with an embodiment of the present
imnvention;

FIG. 5 shows an operation of neighbor base station 1n
accordance with an embodiment of the present invention;

FIG. 6 shows a femtocell base station management sys-
tem in accordance with an embodiment of the present
invention; and
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FIG. 7 shows an operation of a femtocell base station
management system in accordance with an embodiment of
the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Reference will now be made 1n detail to embodiments of
the present invention, examples of which are 1llustrated in
the accompanying drawings, wherein like reference numer-
als refer to like elements throughout. The embodiments are
described below, 1n order to explain the present invention by
referring to the figures.

Embodiments of the present invention will be described
as being applied to a long term evolution (LTE) network.
The present invention, however, 1s not limited thereto.
Embodiments of the present invention might be similarly
applied to other communication networks such as, for
example, global system for mobile communication (GSM),
code division multiple access 2000 (CDMA-2000), time
division synchronous code division multiple access (TD-
SCDMA), worldwide interoperability for microwave access
(WiIMAX), and wireless broadband (WiBro). Hereinafter,
load balancing 1n femtocells using an X2 interface 1n accor-
dance with an embodiment of the present invention will be
described with reference to the accompanying drawings.

FIG. 1 shows an LTE network employing embodiments of
the present mnvention.

Referring to FIG. 1, an LTE network may include a
plurality of femtocell base stations 110, 130, and 150, and
femtocell base station management system 200. Femtocell
base stations 110, 130, and 150 may each be referred to as
a home evolved node base station (HeNB). Femtocell base
station management system 200 may be referred to as a
home eNodeB management system (HeMS).

Femtocell base stations 110, 130, and 150 may provide
communication services to corresponding user equipment
located 1n corresponding femtocells. For example, femtocell
base stations 110, 130, and 150 may connect user equipment
over wireless air interface to a service provider’s network. In
general, femtocell base stations 110, 130, and 150 may be
installed 1n a protected or an indoor place, such as home, an
oflice building, and a shopping mall. Femtocell base stations
110, 130, and 150 may control cell coverage through con-
trolling transmission power. For example, femtocell base
stations, 110, 130, and 150 may expand or shrink cell
coverage by increasing and decreasing transmission power.

Femtocell base station management system 200 may
manage femtocell base stations 110, 130, and 150. Femtocell
base station management system 200 may perform configu-
ration management (CM), fault management (FM), and
performance management (PM). Furthermore, femtocell
base station management system 200 may identify femtocell
base stations and verily locations of femtocell base stations.
Femtocell base station management system 200 may provide
functionality of discovery and assignment of a serving
management system, a serving security gateway (SeGW),
and mobility management entity (MME). In addition, fem-
tocell base station management system 200 may upload and
download files related to femtocell base station manage-
ments.

Femtocell base station management system 200 may
establish a secure Internet Protocol (IP) connectivity to
temtocell base stations 110, 130, and 150 and set up a
session based on a communication protocol. For example,
temtocell base station management system 200 may employ
a technical report (TR)-069 protocol for managing femtocell
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base stations 110, 130, and 150. The TR-069 protocol may
provide communication between customer-premises equip-
ment (CPE) and auto configuration servers (ACS) based on
a simple object access protocol (SOAP) and a hypertext
transier protocol (HT'TP). Femtocell base station manage-
ment system 200 may set up a TR-069 session to femtocell
base stations 110, 130, and 150 and exchange messages
defined 1n the TR-069 protocol with femtocell base stations
110, 130, and 150.

Femtocell base stations 110, 130, and 150 may be clas-
sified 1nto a serving femtocell base station, a target femtocell
base station, and a neighbor femtocell base station. The
serving femtocell base station may denote a femtocell base
station that user equipment 1s currently coupled to. The
target femtocell base station may denote a femtocell base
station that user equipment will be handed over to. The
neighbor femtocell base station may denote femtocell base
stations located near to the serving femtocell base station
and the target femtocell base station. For convenience and

case of understanding, femtocell base station 110 will be
described as the serving femtocell base station, femtocell
base station 130 will be described as the target femtocell
base station, and femtocell base station 150 will be described
as the neighbor femtocell base station.

Serving femtocell base station 110, target femtocell base
station 130, and neighbor femtocell base station 150 may be
directly coupled to each other through an X2 interface in
accordance with an embodiment of the present invention.

Typically, the X2 interface may be established between
macrocells for exchanging control mformation. The 3GPP
LTE standard specifications define the X2 interface for
macrocells. The X2 interface may enable handover and load
balancing. However, an X2 interface for femtocells are not
defined 1n the 3GPP LTE standard specifications. In accor-
dance with an embodiment of the present invention, an X2
interface may be established among femtocell base stations
110, 130, and 150. Handover of user equipment from serving,
temtocell base station 110 to target femtocell base station
130 might use the established X2 interface. That 1s, load
balancing of femtocell base stations 110, 130, and 150 may
be accomplished by communication through the established
X2 interface.

In accordance with an embodiment of the present inven-
tion, cell coverage of femtocell base stations 110, 130, and
150 may be controlled according to the amount of data traflic
of each femtocell base station 110, 130, or 150. For example,
when the data traflic amount of serving femtocell base
station 110 exceeds a certain threshold, serving femtocell
base station 110 may shrink cell coverage and target fem-
tocell base station 130 may expand cell coverage. Accord-
ingly, handover of user equipment 300 occurs from serving
temtocell base station 110 to target femtocell base station
130.

During handover, target femtocell base station 130 may
adjust access, priority, and/or handover conditions for user
equipment according to a member status of the user equip-
ment 1 accordance with an embodiment of the present
invention.

Furthermore, interference of serving femtocell base sta-
tion 110, target femtocell base station 130, and neighbor
temtocell base station 150 may be measured and the mea-
sured interference may be compared with a certain thresh-
old. Based on the comparison result, levels and or/eflects of
interference may be controlled.

Hereinafter, femtocell base stations 110, 130, and 150 will
be described in detail with reference to FIG. 2. For conve-
nience and ease of understanding, femtocell base station 110
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will be described representatively. Femtocell base stations
130 and 150 may have a structure similar to that of femtocell
base station 120 and operate in an analogous manner.

FIG. 2 shows a femtocell base station 1n accordance with
an embodiment of the present invention.

Referring to FIG. 2, femtocell base station 110 may
include communication unit 101, setup unit 103, database
105, load monitor unit 107, load balancing unit 109, cell
coverage control unit 111, cell imnterference control unit 113,
X2 1nterface unit 115, and access control unit 117.

Communication unit 101 may form an Internet Protocol
(IP) connection to femtocell base station management sys-
tem 200 and establish a session using a certain communi-
cation protocol. According to 3GPP LTE standard specifi-

cations, the session may be established using a technical
report 069 (TR-069) protocol.

Setup unit 103 may establish at least one load balancing
threshold of femtocell base station 110 and store the at least
one load balancing threshold 1n database 105. For example,
setup umt 103 may receive load balancing thresholds from
temtocell base station management system 200 through
communication unit 101. Alternatively, setup unit 103 may
receive load balancing information from femtocell base
station management system 200 and establish the at least
one load balancing threshold based on the received load
balancing information.

The at least one load balancing threshold may include
thresholds corresponding to load status i1tems indicating a
load status of a femtocell base station, for example, a central
processing umt (CPU) load rate, the number of resource
blocks, which may be a LTE radio resource, a traflic amount,
and the number of coupled user equipment.

Load monitor unit 107 may monitor certain load status
items. As described above, such load status items may
include a CPU load rate, resource blocks, tratlic amount, and
the number of coupled user equipment, which correspond to
the load balancing thresholds stored in database 105. Load
monitor unit 107 may compare the monitored items with
corresponding load balancing thresholds 1n order to deter-
mine whether the monitored items reach or exceed the
corresponding load balancing thresholds. When load moni-
tor unit 107 determines that the monitored items exceed
corresponding load balancing thresholds, load monitor unit
107 may mitiate action by load balancing umt 111. When
load monitor unit 107 determines that the monitored load
balancing items do not exceed the corresponding load bal-
ancing thresholds, load monitor unit 107 may transmit the
monitored load status of femtocell base station 110 to
temtocell base station management system 200 through
communication unit 101.

Load balancing unit 109 may determine a target femtocell
base station for handover of currently coupled user equip-
ment to the target femtocell base station. Femtocell base
station management system 200 might select the target
temtocell base station. Load balancing unmit 109 may be
informed of the selected target femtocell base station by
temtocell base station management system 200.

Load balancing unit 109 may transfer data trathic of
currently coupled user equipment to the target femtocell
base station through an X2 interface established with the
target femtocell base station. For example, load balancing
unit 109 may hand over coupled user equipment to the target
temtocell base station through the X2 interface. Further-
more, load balancing unit 109 may provide a list of the
currently coupled user equipment to femtocell base station
management system 200 through communication unit 101.
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Cell coverage control unit 111 may control cell coverage
of femtocell base station 110. For example, cell coverage
control unit 111 may expand or shrink the cell coverage. In
order to expand the cell coverage, cell coverage control unit
111 may increase transmission power by a unit power level
in response to the control of communication unit 101, load
balancing unit 109, and cell interference control unit 113. In
order to shrink the cell coverage, cell coverage control unit
111 may decrease transmission power by a unit power level
in response to the control of communication unit 101, load
balancing unit 109, and cell interference control unit 113.

In order to prevent abrupt shrinkage of the cell coverage,
cell coverage control unit 111 may slowly decrease the
transmission power by a unit power level, thereby minimiz-
ing influence 1n a service provided to user equipment 300.
The abrupt increment of transmission power may act as
interference to neighbor femtocells. Accordingly, cell cov-
erage control unit 111 may also slowly increase the trans-
mission power by a unit power level, thereby minimizing
interference.

Cell interference control unit 113 may measure an amount
of interference between femtocells and determine whether
the measured 1nterference amount exceeds a related thresh-
old. When the measured interference amount exceeds the
related threshold, cell interference control unit 113 may
reduce the transmission power through cell coverage control
umt 111. Cell interference control unit 113 may measure the
interference amount during a sniflering operation. For
example, cell mterference control umt 113 may scan and
receive signals ifrom neighbor femtocell base station 1n a
listening mode and measure the interference amount from
the recerved signals. Alternatively, cell interference control
unit 113 may receive the interference amount from femtocell
base station management system 200.

X2 interface umt 115 may establish an X2 interface to the
target femtocell base station. In order to establish the X2
interface, X2 interface unit 115 may perform an X2 setup
request function and an X2 setup response function. For
example, X2 interface unit 115 may transmit an X2 setup
request message to the target femtocell base station through
the X2 setup request function. X2 interface unit 115 may
receive an X2 setup response message from the target
femtocell base station in response to the X2 setup request
message. By exchanging the messages, X2 interfaces may
be established between femtocell base station 110 and the
target femtocell base station.

Access control unmit 117 may be driven when femtocell
base station 110 1s operated as a target femtocell base station.
For example, when femtocell base station 110 1s operated as
a target femtocell base station, access control unit 117 may
control accessing of user equipments handed over from
other femtocell base station. Particularly, access control unit
117 may receive information on a list of user equipments to
be handed over from other femtocell base station and
subscriber information thereof from femtocell base station
management system 200 through communication unit 101.
The subscriber information may include a closed subscriber
group (CSG) list. The CSG list may include a plurality of
CSG 1dentities each indicating a femtocell base station that
user equipment can access. Access control unit 117 may first
allow handover of CSG member user equipment. The CSG
member user equipment may be user equipment having the
same CSG 1dentity of target base station 110 1n their CSG
lists. After handover of the CSG member user equipment to
target femtocell base station 110 completes, access control
umt 117 may allow non-CSG member user equipment
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handover 11 the number of currently coupled user equipment
does not exceed the total number of allowed user equipment.

Hereinafter, an operation of serving femtocell base station
110, target femtocell base station 130, and neighbor femto-
cell base station 150 will be described with reference to FIG.
3 to FIG. 5, respectively.

FIG. 3 shows an operation of a serving femtocell base
station 1n accordance with an embodiment of the present
invention.

Referring to FIG. 3, at step S101, setup unit 103 may set
up at least one load balancing threshold and store the at least
one load balancing threshold 1n database 105. As described
above, the load balancing thresholds may be received from
femtocell base station management system 200. At step
5103, load monitor unit 107 may monitor at least one load
status 1tem of serving femtocell base station 110 and, at step
S105, determine whether the monitored load status items

exceed corresponding load balancing thresholds stored in
database 105.

At step S107, load balancing unit 109 may determine a
target femtocell base station for handing over user equip-
ments when the monitored load status items exceed the
corresponding load balancing thresholds (Yes—S103). For
example, load balancing unit 109 may select, as the target
temtocell base station, one having a comparatively low load
from neighbor base stations. Alternatively, femtocell base
station management system 200 may select the target fem-
tocell base station from neighbor femtocell base stations and
inform load balancing unit 109 of the selected target fem-
tocell base station through communication unit 101.

At step S109, load balancing umt 109 may determine
whether an X2 interface 1s established to the target femtocell
base station. If the X2 interface 1s established (Yes—S109),
the operation proceeds to step S113. When the X2 interface
1s not established (No—S109), X2 interface unit 115 may
establish an X2 interface to the target femtocell base station
at step S111, and then proceed to step S113.

In order to establish the X2 interface between serving
temtocell base station 110 and a target base station, serving
temtocell base station 110 may request information on a
target femtocell base station, such as an IP address of the
target femtocell base station, to femtocell base station man-
agement system 200. Based on the provided information
from femtocell base station management system 200, serv-
ing femtocell base station 110 and the target femtocell base
station may be coupled through a switch and exchange
necessary information and messages. Serving femtocell base
station 110 and the target femtocell base station may find
cach other through a wired backbone network. Particularly,
X2 interface unit 115 may obtain an IP address of the target
temtocell base station from femtocell base station manage-
ment system 200 and establish an X2 interface by exchang-
ing messages to each other. For example, serving femtocell
base station 110 may transmit an X2 setup request message
to the target femtocell base station. The target femtocell base
station may receive the X2 setup request message and
perform a necessary operation for setting up an X2 interface.
Then, the target femtocell base station may transmit an X2
setup response message to serving femtocell base station
110. Upon the receipt of the X2 setup response message,
serving femtocell base station 110 may perform necessary
operation for setting up an X2 interface. Accordingly, serv-
ing femtocell base station 110 and the target femtocell base
station may be directly coupled to each other through X2
interface without passing through a mobility management

entity (MME).
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At step S113, cell coverage control unit 111 may shrink
cell coverage of serving femtocell base station 110 by
reducing transmission power 1n order to transier user equip-
ment to the target femtocell base station. For example,
shrinking cell coverage of serving femtocell base station 110
might initiate a handover process or procedure, and user
equipment currently coupled to serving femtocell base sta-
tion 110 may be naturally transferred to the target femtocell
base station.

At step S115, load balancing umt 109 may forward data
traflic of currently coupled user equipment to the target
temtocell base station through the X2 interface unit 115. For
example, user equipments currently coupled to serving
temtocell base station 110 may be handed over to the target
temtocell base station.

When load monitor unit 107 determines that the load
status 1tems of serving femtocell base station 110 does not
exceed the corresponding load balancing thresholds (No—
S105), load monitor unit 107 may report the monitored load
status to femtocell base station management system 200 at
step S117. Based on the report, femtocell base station
management system 200 may control femtocell base stations
to restore original cell coverage by controlling transmission
power thereol. Hereinafter, an operation of a target femtocell
base station 1 accordance with an embodiment of the
present mvention.

FIG. 4 shows an operation of a target femtocell base
station 1n accordance with an embodiment of the present
invention.

Referring to FI1G. 4, at step S201, load balancing unit 109
may receive a handover request from femtocell base station
management system 200 through communication unit 101.
Upon the receipt of the transier request, a femtocell base
station may become a target femtocell base station.

At step S203, access control unit 117 may receive infor-
mation on user equipment coupled to a serving femtocell
base station and subscriber information thereof from fem-
tocell base station management system 200 and store the
received information. The subscriber information may
include a CSG list of user equipment and the CSG list may
include CSG identities that corresponding user equipment
can access. Based on the CSG list and the CSG 1dentities,
user equipment may be classified into CSG-member user
equipment and non-CSG member user equipment. For
example, CSG-member user equipment can access a fem-
tocell base station operated in a CSG mode.

At step S205, cell coverage control unit 111 may expand
cell coverage by increasing transmission power. For
example, by expanding cell coverage of the target femtocell
base station, cell coverage control umt 111 1mitiate a han-
dover procedure of user equipment.

At step S207, access control unit 117 may first allow and
initiate CSG-member user equipment handover from a serv-
ing femtocell base station. The CSG-member user equip-
ment may have the same CSG 1dentity of the target femtocell
base station 1n 1ts CSG list. Handover of the CSG-member
user equipment from the serving femtocell base station to
the target femtocell base station may occur through the X2
interface.

At step S209, access controller 117 may determine
whether all CSG member user equipment are handed over
from the serving femtocell base station. If all CSG member
user equipment are handed over (Yes—S209), access control
umt 117 may receive an access request from non-CSG
member user equipment at step S211.

Upon the receipt of the access request, access control unit
117 may determine whether the number of user equipments
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currently coupled to the target femtocell base station reaches
or exceeds the total allowable user equipment number at step
S213. The total allowable user equipment number may be
determined based on various factors, such as a processing
power, a bandwidth, and a current load status of the target
temtocell base station. The total allowable user equipment
number may be determined based on avoiding or preventing,
excessive load on the target femtocell base station.

When the number of currently coupled user equipment
exceeds the total allowable user equipment number (Yes—
S213), access control unit 117 may deny handover for
non-CSG member user equipment from a serving femtocell
base station to the target femtocell base station at step S215.

When the number of currently coupled user equipment
does not exceed the total allowable user equipment number
(No—S213), access control unit 117 may allow non-CSG
member user equipment to be handed over from the serving
temtocell base station to the target femtocell base station
using the X2 mnterface S217. At step S219, load balancing
unit 109 may receive traflic and/or traflic characteristics of
user equipment from the serving femtocell base station
through X2 interface unit 115.

When cell coverage expands at step S205, cell interfer-
ence control unit 113 may monitor an interference amount to
neighbor cells including a macrocell and a femtocell at step
S221. Cell interterence control unit 113 may determine
whether the monitored mterference amount exceeds a pre-
determined cell interference threshold at step S223.

When the monitored interference amount exceeds the cell
interference threshold (Yes—S223), cell coverage control
unit 111 may reduce interference by reducing or otherwise
controlling transmission power by a unit power level at step
S225.

At step S227, load balancing umt 109 may determine
whether cell load of the serving femtocell base station was
reduced 1n cooperation with femtocell base station manage-
ment system 200. For example, femtocell base station man-
agement system 200 may obtain information on the cell load
of the serving femtocell base station from the serving
temtocell base station and transmit the obtained information
to the target femtocell base station.

When the cell load of the serving femtocell base station 1s
reduced, cell coverage control unit 111 may restore original
cell coverage by increasing transmission power at step S229.

Hereinafter, an operation of neighbor base station will be
described with reference to FIG. 5.

FIG. 5 shows an operation of neighbor base station in
accordance with an embodiment of the present invention.

Referring to FIG. 5, cell interference control umit 113 may
monitor an interference amount of neighbor cells at step
S301 and determines whether the monitored interference
amount reaches or exceeds an interference threshold at step
S303.

When a target femtocell base station increases cell cov-
erage, an interference amount of neighbor cell (e.g., moni-
tored at the neighbor femtocell base station), 1s increased
too. Accordingly, cell coverage control unit 111 may reduce
cell interference by reducing transmission power for a
period of time at step S305.

Load balancing unit 109 may determine whether a cell
load status of the serving femtocell base station 1s reduced
in cooperation with femtocell base station management
system 200 at step S307. For example, femtocell base station
may obtain information on the cell load status of the serving,
femtocell base station from the serving femtocell base
station and transmit the obtained information to the neighbor
temtocell base station.
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At step S309, cell coverage control unit 111 may restore
original cell coverage by increasing transmission power
when the cell load status of the serving femtocell base
station 1s reduced (Yes—S307).

Heremaftter, femtocell base station management system
200 will be described with reference to FIG. 6.

FIG. 6 shows a femtocell base station management sys-
tem 1n accordance with an embodiment of the present
invention.

Referring to FIG. 6, femtocell base station management
system 200 may include communication unit 201, load
balancing control unmit 203, monitor umt 205, and database
207.

Communication unit 201 may form an Internet Protocol
(IP) connection to femtocell base stations 110, 130, and 150,
and establish a session using a certain communication
protocol. According to 3GPP LTE standard specifications,
the session may be established using a techmical report 069
(TR-069) protocol.

Load balancing control unit 203 may set up load balanc-
ing thresholds corresponding to femtocell base stations 110,
130, and 150 and provide the load balancing threshold to
corresponding femtocell base stations 110, 130, and 150.
Load balancing control unit 203 may select a target femto-
cell base station from neighbor femtocell base stations.
Furthermore, load balancing control unit 203 may receive
information on user equipment coupled to a serving femto-
cell base station and transmit the received information to the
target femtocell base station.

Monitor unit 205 may receive a cell load status from load
monitor unit 107 of femtocell base station 100 and manage
temtocell base station 100 based on the received cell load
status. Furthermore, monitor unit 205 may measure an
interference amount of femtocell base stations 110, 130, and
150 and provide the measured interference amount to fem-
tocell base stations 110, 130, and 150.

Database 207 may receive information on user equipment
coupled to femtocell base station, including a CSG list, from
femtocell base stations 110, 130, and 150 and store the
received information.

FIG. 7 shows an operation of a femtocell base station
management system 1n accordance with an embodiment of
the present mnvention.

Reterring to FIG. 7, load balancing control unit 203 may
set up load balancing thresholds and transmit the load
balancing thresholds to a plurality of femtocell base stations
at step S401.

At step S403, monitor unit 205 may recerve cell load
statuses from femtocell base stations 110, 130, and 150 and
manage the plurality of femtocell base stations 110, 130, and
150 based on the received cell load statuses.

At step S405, load balancing control unit 203 may select
a target femtocell base station according to a request of a
serving femtocell base station having a cell load status
exceeding a related threshold. Then, load balancing control
umt 203 may notice the serving femtocell base station of the
selected target femtocell base station. For example, one
having a comparatively low cell load status may be selected
as the target femtocell base station from neighbor femtocell
base stations of the serving femtocell base station based on
the received cell load status.

At step S407, load balancing control unit 203 may receive
information on user equipment coupled to the serving fem-
tocell base station from the serving femtocell base station. At
step S409, load balancing control unit 203 may transmit the
received information to the target femtocell base station with

a CSG list stored in database 207.
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At step S411, monitor unit 205 may determine whether a
cell load status of the serving femtocell base station 1is
reduced. When the cell load status of the serving femtocell
base station 1s reduced, load balancing control unit 203 may
notily the target femtocell base station and the neighbor
temtocell base stations that the cell load status of the serving
temtocell base station 1s reduced at step S413 1n order to
induce the target femtocell base station and the neighbor
temtocell base station to control cell coverage.

Reference herein to “one embodiment” or “an embodi-
ment” means that a particular feature, structure, or charac-
teristic described 1n connection with the embodiment can be
included 1n at least one embodiment of the invention. The
appearances of the phrase “in one embodiment™ 1n various
places 1n the specification are not necessarily all referring to
the same embodiment, nor are separate or alternative
embodiments necessarilly mutually exclusive of other
embodiments. The same applies to the term “1implementa-
tion.”

As used 1n this application, the word “exemplary” 1s used
herein to mean serving as an example, istance, or illustra-
tion. Any aspect or design described herein as “exemplary”™
1s not necessarily to be construed as preferred or advanta-
geous over other aspects or designs. Rather, use of the word
exemplary 1s intended to present concepts 1 a concrete
fashion.

Additionally, the term “or” 1s mtended to mean an nclu-
sive “‘or”’ rather than an exclusive “or”. That 1s, unless
specified otherwise, or clear from context, “X employs A or
B” 1s intended to mean any of the natural inclusive permu-
tations. That 1s, 1T X employs A; X employs B; or X employs
both A and B, then “X employs A or B” 1s satisfied under any
of the foregoing instances. In addition, the articles “a” and
“an” as used 1n this application and the appended claims
should generally be construed to mean “one or more” unless
specified otherwise or clear from context to be directed to a
singular form.

Moreover, the terms “system,” “component,” “module,”
“interface,”, “model” or the like are generally intended to
refer to a computer-related entity, either hardware, a com-
bination of hardware and software, software, or software 1n
execution. For example, a component may be, but 1s not
limited to being, a process running on a processor, a pro-
cessor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both an
application running on a controller and the controller can be
a component. One or more components may reside within a
process and/or thread of execution and a component may be
localized on one computer and/or distributed between two or
more computers.

The present mvention can be embodied 1n the form of
methods and apparatuses for practicing those methods. The
present invention can also be embodied 1n the form of
program code embodied 1n tangible media, such as magnetic
recording media, optical recording media, solid state
memory, floppy diskettes, CD-ROMs, hard drives, or any
other machine-readable storage medium, wherein, when the
program code 1s loaded into and executed by a machine,
such as a computer, the machine becomes an apparatus for
practicing the invention. The present invention can also be
embodied in the form of program code, for example,
whether stored 1n a storage medium, loaded into and/or
executed by a machine, or transmitted over some transmis-
sion medium or carrier, such as over electrical wiring or
cabling, through fiber optics, or via electromagnetic radia-
tion, wherein, when the program code 1s loaded into and
executed by a machine, such as a computer, the machine
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becomes an apparatus for practicing the mvention. When
implemented on a general-purpose processor, the program
code segments combine with the processor to provide a
umque device that operates analogously to specific logic
circuits. The present mvention can also be embodied 1n the
form of a bitstream or other sequence of signal values
clectrically or optically transmitted through a medium,
stored magnetic-field variations in a magnetic recording
medium, etc., generated using a method and/or an apparatus
of the present invention.

It should be understood that the steps of the exemplary
methods set forth herein are not necessarily required to be
performed 1n the order described, and the order of the steps
of such methods should be understood to be merely exem-
plary. Likewise, additional steps may be included m such
methods, and certain steps may be omitted or combined, 1n
methods consistent with various embodiments of the present
invention.

As used herein 1n reference to an element and a standard,
the term “compatible” means that the element communicates
with other elements 1n a manner wholly or partially specified
by the standard, and would be recognized by other elements
as sufliciently capable of communicating with the other
clements 1n the manner specified by the standard. The
compatible element does not need to operate internally 1n a
manner speciiied by the standard.

No claim element herein i1s to be construed under the
provisions of 35 U.S.C. § 112, sixth paragraph, unless the
clement 1s expressly recited using the phrase “means for” or
“step for.”

Although embodiments of the present invention have
been described herein, i1t should be understood that the
foregoing embodiments and advantages are merely
examples and are not to be construed as limiting the present
invention or the scope of the claims. Numerous other
modifications and embodiments can be devised by those
skilled 1n the art that will fall within the spirit and scope of
the principles of this disclosure, and the present teaching can
also be readily applied to other types of apparatuses. More
particularly, various vanations and modifications are pos-
sible 1n the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addi-
tion to vanations and modifications 1n the component parts
and/or arrangements, alternative uses will also be apparent
to those skilled 1n the art.

What 1s claimed 1s:

1. A method for load balancing 1n femtocells at a femto-
cell base station, the method comprising;

determining whether a cell load status of the femtocell

base station exceeds a certain load level, wherein the
cell load status 1s at least one of a central processing
unit (CPU) load rate, a number of resource blocks, a
traflic amount, and a number of user equipments
coupled to the femtocell base station;

determining, based on information received from a fem-

tocell base station management system, the target fem-
tocell base station from neighbor femtocell base sta-
tions;
establishing an X2 interface directly from the femtocell
base station to the target femtocell base station; and

imitiating handover of at least one user equipment coupled
to the femtocell base station to the target femtocell base
station by shrinking cell coverage of the femtocell base
station when the cell load status of the femtocell base
station exceeds the certain load level, wherein the
establishing an X2 interface includes:
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requesting cell information of the target femtocell base
station to the femtocell base station management sys-
tem and receiving the requested cell information from
the femtocell base station management system;

transmitting an X2 interface setup request message to the
target femtocell base station based on the received cell
information of the target femtocell base station; and

receiving an X2 interface setup response message from
the target femtocell base station 1n response to the X2
interface setup request message,

wherein the determining whether a cell load status of the
femtocell base station exceeds a certain load level
includes:

monitoring the at least one load status item of the fem-

tocell base station;

comparing the monitored at least one load status item with
a related threshold; and

determining whether the cell load status of the femtocell
base station reaches a certain load level based on the
comparison result.

2. The method of claim 1, wherein the determining the

target femtocell base station comprises:

selecting the target femtocell base station by the femtocell
base station management system; and

receiving, by the femtocell base station management
system, cell load statuses from the neighbor base sta-
tions, selecting one having a lowest cell load status as
the target femtocell base station among the neighbor
base stations, and informing the femtocell base station
of the selected target femtocell base station.

3. The method of claim 1, wherein handover of the at least
one user equipment coupled to the first femtocell base
station to the target femtocell base station 1s through estab-
lishing the X2 interface between the femtocell base station
and the target femtocell base station.

4. The method of claim 1, wherein 1n the shrinking cell
coverage of the femtocell base station, reducing transmis-
sion power of the first femtocell base station by a umit power
level.

5. The method of claim 1, comprising:

reporting the cell load status of the femtocell base station
to a femtocell base station management system when
the cell load status of the femtocell base station based
on the certain load level.

6. A femtocell base station comprising:

a monitor umt configured to determine whether a cell load
status of the femtocell base station reaches a certain
load level;

a cell coverage control unit configured to shrink cell
coverage of the femtocell base station when the cell
load status reaches the certain load level by reducing
transmission power of the femtocell base station and
expand cell coverage of the femtocell base station by
increasing transmission power of the femtocell base
station by a unit power level 1n response to a request
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from at least one of a serving femtocell base station and
a femtocell base station management system;

an access control unit configured to provide handover
information to at least one user equipment coupled to
the femtocell base station in order to handover the at
least one user equipment to a target base station through
an X2 interface when the cell coverage 1s shrunk by the
cell coverage control unit; and

an X2 interface unit configured to establish the X2
interface directly from the femtocell base station to the

target femtocell base station,
wherein the X2 interface umt 1s configured to:
request cell information of the target femtocell base
station to a femtocell base station management system:;
receive the requested cell information from the femtocell

base station management system;
transmit an X2 interface setup request message to the
target femtocell base station based on the received cell
information of the target femtocell base station; and
recerve an X2 interface setup response message from the
target femtocell base station in response to the X2
interface setup request message, thereby establishing
the X2 interface directly to the target femtocell base
station
wherein the monitor unit 1s configured to:
monitor the at least one load status item of the femtocell
base station;
compare the monitored at least one load status 1item with
a related threshold; and
determine whether the cell load status of the femtocell
base station reaches a certain load level based on the
comparison result.
7. The femtocell base station of claim 6, wherein the
access control unit 1s configured to:
allow handover access of user equipment having a closed
subscriber group (CSG) 1dentity identical to that of the
femtocell base station first among the user equipment
handed over from the serving femtocell base station;
and
deny handover access of user equipment not having the
CSG 1dentity when a number of user equipment cur-
rently coupled to the femtocell base station exceeds a
total allowable number,
wherein the CSG 1dentity 1s included 1n a CSG list stored
in each user equipment and the subscriber information
of the user equipments includes information on the
CSG 1dentity and the CSG list.
8. The femtocell base station of claim 6, further compris-
ing a cell mterference control unit configured to:
measure an interference amount ol neighbor cells of the
femtocell base station after expanding the cell coverage
of the femtocell base station; and
reduce transmission power of the femtocell base station by
a unit power level when the measured interference amount
exceeds a related threshold.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

